SUMMARY Enteroendocrine regulatory peptides may play an important role in the adaptation of small bowel mucosa, and it is likely that they act interdependently with neural and luminal stimuli. We assessed their action in rats by morphometric evaluation of enteroendocrine cells after heterotopic accessory small bowel transplantation (SBT), in which the graft is shunted off from the intestinal passage and is entirely deprived of neural connections, and after orthotopic SBT It is likely that the control of the adaptive response and the transport capacity of small bowel mucosa depends on the interaction of neural, enteroendocrine, and luminal stimuli.'-3 Enteroglucagon has been suggested to be an effective agent for influencing growth after small bowel resection." After small intestinal bypass and small bowel resection gastric inhibitory peptide (GIP) shows a strong reaction. Buchan and coworkers' found a markedly reduced number of GIP positive cells in the functional jejunum after jejunoileal bypass and in the jejunum of rat after massive small bowel resection. In addition there is evidence that other gastrointestinal peptides play a significant role in the gastrointestinal regulatory systems that influence the transporting epithelium of the small bowel mucosa. In the rat model exclusion of nutritional stimuli to the small bowel mucosa during total parenteral nutrition (TPN) causes a marked decrease in cholecystokinin (CCK) positive cells in the duodenum and a decrease in neurotensin (NT) 
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Methods

ANIMALS
Orthotopic SBT was performed in the rat using a method described previously.14 The operative procedure consists of two steps. First the small intestine is transplanted heterotopically and accessory to the recipient's small bowel. Thus it is completely deprived of neural connections and is shunted off from the intestinal passage, being connected to the recipient only by the vascular anastomoses. After three weeks, when the lymph vessels of the graft have become connected to the recipient's lymph vessels, the graft is inserted into the recipient's gastrointestinal tract following resection of the recipient's small bowel. Thus the continuity of the alimentary tract is reestablished by the orthotopically placed graft.
EXPERIMENTAL GROUPS LEW rats were used for all experiments. The controls (group 1, n = 5) consisted of animals upon whom sham operations had been performed. Syngeneic heterotopic SBT was performed in the animals in group 2 (n = 7). In group 3 (n = 6) the small bowel graft was brought into orthotopic position three weeks after heterotopic transplantation. On day 20 (group 2) and day 40 (group 3) p. op. samples of jejunum and ileum were collected, and the tissue was fixed in Bouin's solution and embedded in wax.
Microsections were stained with rabbit anti-rat antibodies (Immunonuclear Corporation, Stillwater, Minn., USA). The cells producing the hormones cholecystokinin (CCK), neurotensin (NT) and vasoactive intestinal peptide (VIP) were stained, and the bound antibodies were localized with the peroxidaseanti-peroxidase method15 and counterstained with haemotoxylin. The number of cells/villus, the number of cells/length of lamina muscularis [mm] and the quantity of VIP positive fibres were measured by counting 20 high power fields in a videomat system (Kontron, Germany). In a given bowel segment the cells of at least 250 villi were counted.
Results
The results are shown in the Table. In contrast with the small bowel of the recipient, for which the data were comparable to the controls, the heterotopically transplanted small bowel (group 2) showed a significant decrease in the number of CCK positive cells (Fig. la) in both the jejunum and the ileum. The quantity of VIP positive fibres (Fig. lc) in the graft decrease markedly in both jejunum and ileaum. The villi and crypts of the graft were slightly atrophied, compared with the small bowel of the recipient and the controls. After insertion of the graft into the continuity of the gastrointestinal tract (group 3) the pattern of hormone distribution changed clearly. There was a marked increase in CCK positive cells in jejunum and ileum and of NT positive cells in the ileum, exceeding the values in the controls by 20-40%. The quantity of VIP positive fibres also increased, but did not reach the quantity in the normal unaltered recipient's gut before resection. In accordance with these findings, the mucosa of the orthotopically transplanted small bowel no longer showed any signs of atrophy.
Discussion
Our results clearly show that the enteroendocrine cells of the mucosa of the transplanted small bowel are dependent on enteral stimuli that may be regarded as who pointed out a distinct reactivity of CCK cells in duodenum and jejunum by showing a marked decrease in these cells after total parenteral nutrition. These authors also showed an increase in NT positive cells in the ileum after TPN The luminal stimuli may reactivate the enteroendocrine cells in the mucosa of the small bowel graft. The interaction of these cells with the intrinsic nervous system of the small bowel seems to be sufficient to stimulate adaptation and mucosal growth to such an extent that after SBT unimpaired small bowel function is possible. '7 The fact that VIP positive fibres did not show a complete recovery after orthotopic transplantation seems to be evidence that the intrinsic nervous system of the small bowel wall might not have been reconnected with the extrinsic nerve fibres of the autonomous nervous system. Therefore extrinsic innervation of the small bowel graft does not seem to be necessary for adequate small bowel function after transplantation.
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